Macrobrachium asperulum is a native freshwater prawn species in Taiwan, and is an ideal model for studying the reproductive biology of freshwater decapods. Also, this species may be a potential aquaculture species. This study was conducted to explore the ovarian development of female M. asperulum, as an important foundation for the knowledge of its reproductive biology. Specimens were collected in four seasons throughout the year to investigate the ovarian cycle and germ cell development, by examining the external morphology and histological structure of the ovaries. The breeding period of M. asperulum is probably from March to September each year. Developing ovaries and germ cells were characterized throughout the entire ovarian cycle. Differentiating germ cells were classified mainly into oögonia, primary oöcytes, secondary oöcytes, and mature oöcytes. Among the four major germ cells, secondary oöcytes were further divided into five types. Summarizing the above examinations and based on the relative frequency of germ cell types, six stages of ovarian cycle were identified, and this prawn is proposed as being a multiple spawning species. Observations of the present study provide important information on the reproductive biology of crustaceans and decapods in general, and also can serve as a significant foundation for the aquaculture of freshwater prawn species.
INTRODUCTION
Freshwater prawn species of the genus Macrobrachium are widely distributed in the world, with about 239 species having been identified (De Grave et al., 2009) . Among 17 recorded species of Macrobrachium geographically distributed in Taiwan, the population of M. asperulum (von Martens, 1868) (Shy and Yu, 1998; Lin, 2007) is the most abundant and widely distributed. In fact, because of its high natural abundance as well as a suitable body size, wildcaught M. asperulum is a popular, although not necessary, food resource for local residents and tourists. The commercial value of wild-caught M. asperulum has led to concerns about overfishing of this species, although any information on the effects of overfishing on natural populations in Taiwan is lacking. In addition, the natural habitat of this species is clean water in the up-and midstream portions of streams as well as swamps containing pebbles and vegetation as hiding places. The potential impacts of water pollution due to human activities, such as agricultural runoff and domestic sewage, on these aquatic areas and on populations of organisms including M. asperulum also need to be comprehensively investigated. To reduce possible decreases in natural populations of M. asperulum resulting from overfishing and/or environmental contamination, artificially triggering reproductive behaviors of mature individuals and increasing the production of cultured M. asperulum via aquaculture techniques should be considered. For this purpose, a complete understanding of the reproductive biology is necessary before its artificial culture can be established.
The ovarian cycle and germ cell development has been studied in several species of Macrobrachium (O' Donovan et al., 1984; Charniaux-Cotton, 1985; Chang and Shih, 1995; Deng and Gao, 2002; Phone et al., 2005; Martins et al., 2007; Meeratana and Sobhon, 2007; Sampaio et al., 2007) . Based on the external characteristics of the ovary, the timing of embryogenesis, the pre-mating molt, oviposition, and histological observations of the ovary, different stages of ovarian development were classified (O'Donovan et al., 1984; Chang and Shih, 1995; Deng and Gao, 2002; Martins et al., 2007; Meeratana and Sobhon, 2007; Sampaio et al., 2007) . Moreover, different germ cell types were identified according to their size, yolk accumulation, and follicular cell stage (O'Donovan et al., 1984; Meeratana and Sobhon, 2007) . However, related studies on M. asperulum are rare. It is notable that, unlike most species of Macrobrachium, adults of M. asperulum do not migrate downstream toward the sea during the reproductive cycle; instead they stay in freshwater areas throughout their entire life cycle (Shy and Yu, 1998; Lin, 2007) . Furthermore, the larval development type of this species belongs to the complete suppression type, and therefore none of the free-swimming stage is included (Shy and Yu, 1998) . Thus, this species is considered a good model animal for studying the reproductive biology of freshwater decapods.
Therefore, in the present study, wild female prawns of M. asperulum were collected in four seasons throughout the year to investigate the ovarian cycle and germ cell development, by examining the external morphology and histological structure of the ovary. We believe that the results of this study will provide important information about the reproductive biology of crustaceans and decapods in general, and can also serve as a significant foundation for the future aquaculture of freshwater prawn species.
MATERIALS AND METHODS

Experimental Animals
Adult freshwater prawns of M. asperulum were collected in Houlong Stream (24u349N, 120u509E) of Miaoli County, west-central Taiwan seasonally from December 2007 to September 2008, representing the situation in winter, spring, summer, and autumn in Taiwan. Prawns were captured using commercial lobster pots, including 32 cm in length and 12.5 cm in width. Traps were set on a mixed sandy and pebble bottom in the evening and harvested the next morning followed by immediately transporting the prawns live to the laboratory. The species of collected prawns were identified based on keys provided by Shy and Yu (1998) , and the animals were sexed. To study ovarian development and germ cell types in the ovary, only female M. asperulum were included in the present study. Furthermore, the reproductive ability of the specimens was also insured based on the carapace length (. 10.5 mm) identified by Shy and Yu (1998) . On each occasion when prawns were collected, more than 12 female individuals were randomly selected to measure parameters and conduct histological studies, regardless of the number of prawns captured.
Environmental Parameters of the Habitat
In order to determine any possible correlations between environmental factors and the reproductive cycle of M. asperulum, data on several environmental parameters in the habitat of Houlong Stream and Miaoli County were obtained from the Environmental Protection Administration, Executive Yuan and the Central Weather Bureau of Taiwan, including the air and water temperatures, precipitation, and photoperiod.
Data Collection and Organization
Selected female prawns were weighed and carefully dissected, and the carapace was discarded. The morphological structure of the ovary was observed and recorded before it was weighed. The gonadosomatic index (GSI) value was calculated as the percentage of the dissected ovary weight relative to the wet body weight (GSI 5 ovary weight/body weight 3 100%). In addition, the percent gravid was calculated as the percentage of gravid females relative to that of all selected females (percent gravid 5 gravid individuals/all selected female individuals 3 100%).
Ovarian tissues were then immediately fixed in a 5% buffered formaldehyde solution overnight, followed by dehydration through a series of increasing concentrations of ethanol, clearing in xylene, infiltration with paraffin containing dimethyl sulphoxide (DMSO) at 58uC, and then embedding in paraffin blocks. The blocks were trimmed and sectioned at 7,12 mm in thickness on a microtone (Microm, HM330, Heidelberg, Germany) (O'Donovan et al., 1984; Chang and Shih, 1995; Meeratana and Sobhon, 2007; Vallisneri et al., 2007; Paulraj et al., 2008) . Sample slices were stained with hematoxylin/eosin (H/E) and examined with a light microscope (Olympus, BX40, Tokyo, Japan) equipped with a digital camera (Microtech, DC-800, Taipei, Taiwan). To investigate the relative frequency of germ cells in each developmental stage, selected randomly ovarian sections within one slice were classified, and then averaged those. Therefore, the frequency of germ cells was calculated as the percentage of the average individuals of each germ cell relative to the total number of germ cells (Relative frequency of each germ cell 5 the average individuals of each germ cell/total number of germ cells).
Ovarian development stages of prawns were identified on the basis of their external appearance (color, shape, and size), histological structure, and the relative frequency of differentiating germ cells (O'Donovan et al., 1984; Chang and Shih, 1995; Martins et al., 2007; Meeratana and Sobhon, 2007) .
Statistical Analysis
Statistically significant differences were analyzed using one-way analysis of variance (one-way ANOVA) followed by Duncan's new multiple-range test (P , 0.05). Results are presented as the mean 6 standard deviation (SD).
RESULTS
Variability in the Female and Habitat
The body weight, GSI value, and percent gravid of female M. asperulum sampled on each occasion and the corresponding environmental parameters of Houlong Stream and Miaoli County are shown in Table 1 . Body weight of 1.25 to 4.28 g in adult female M. asperulum was recorded, and female individuals sampled in different seasons did not obviously differ, while significant increases in GSI values were observed in prawns sampled in spring (March) and summer (June) when the temperature, precipitation, and photoperiod in their natural habitat began to increase. In prawns collected in autumn (September), although their GSI values had decreased to a level that did not significantly differ from those of prawns collected in winter (December), they presented the highest percent gravid of about 79.17%.
Developmental Stages of the Ovary
After sampling and dissection, ovaries of female M. asperulum were observed. The ovary of this prawn is a two-lobed organ situated under the carapace dorsal to the stomach and hepatopancreas and ventral to the heart. Its varied external appearance is related to the development stage. In this study, six ovarian developmental stages were initially classified based on the external morphology, including the size, shape, and color ( Fig. 1, Table 2 ).
Stage I.-In the initial stage of ovarian development, the appearance of the ovary was semi-transparent, creamywhite, and somewhat light pink (Fig. 1A , Table 2 ). The ovary appeared thin, small, and rounded, and it remained Table 1 . Changes in the levels of environmental parameters and the body weight, gonadosomatic index(GSI)and percent gravid throughout the reproductive cycle in Macrobrachium asperulum, expressed as mean 6 SD. Different superscripts within the same columns indicate significant difference (P , 0.05). The air/water temperature was obtained from the Environmental Protection Administration Executive Yuan, Taiwan, and the rainfall precipitation as well as photoperiods was consulted from the Central Weather Bureau, Taiwan. close to the hepatopancreas. The size of the ovary in this stage was the smallest of all developmental stages.
Stage II.-In this stage, the size and thickness of the ovary began to increase, and changed to creamy white with pale yellowish-green spots (Fig. 1B , Table 2 ). Sometimes, two obvious yellowish-green bands along the ovarian lobes were also observed. The ovary appeared oval-shaped, instead of rounded.
Stage III.-The ovary was yellowish-green with several green spots or double green bands along the ovarian lobes ( Fig. 1C , Table 2 ). The size obviously further increased, and therefore, it covered almost half of the dorsal portion of the hepatopancreas. The posterior end of the ovary extended to under the heart.
Stage IV.-In this stage, the ovary had an emerald coloration and had increased in size to larger than that in stage III (Fig. 1D , Table 2 ).
Stage V.-The ovary was olive-green, and was characterized by the greatly increased size and the presence of visible oöcytes (Fig. 1E , Table 2 ). The ovary had expanded in size, and not only fully occupied the space under the carapace but also covered the entire dorsal portion of the hepatopancreas and about half of the stomach. The posterior end of the ovary extended further into the first abdomen of the prawn.
Stage VI.-After mature oöcytes had ovulated, the ovary was obviously reduced in size, and became thinner and irregular-shaped (Fig. 1F , Table 2 ). This stage was identified as the final stage of ovarian development. Because of the lack of mature oöcytes, the ovary appeared translucent. Sometimes, a few yellow residual oöcytes that had not ovulated were also observed.
Adult.-The body weight of female M. asperulum gradually increased with the progression of ovarian development (Table 2) . Also, the gonad weight and GSI value sharply increased from stage III, and reached the maximum in stage V, at 18.95-and 13.83-fold, respectively, higher than those of the ovary in stage I.
Differentiating Germ Cell Types in the Ovaries
After being dissected, observed, and weighed, ovarian samples were immediately prepared for the histological study. Based on differences in size and morphology of cells, chromatin patterns, and the appearance of lipid droplets and yolk granules, germ cells of female M. asperulum were classified into four major cell types: oögonia, primary oöcytes, secondary oöcytes, and mature oöcytes (Fig. 2) .
Oögonia.-Oögonia were mainly located in the central region of the ovary, and usually appeared in groups, with each group containing two to four cells ( Fig. 2A ). Oögonia were composed of ovoid cells containing an obviously irregular nucleus. The nucleolus of the cell was not distinct, while the cytoplasm appeared magenta after staining with H&E. The Oögonia exhibited high mitosis activity, and because of this, the number of germ cells rapidly increased.
At the development stage when most germ cells appeared as Oögonia, no follicular cells were observed ( Fig. 2A) .
Primary Oöcytes.-The primary oöcytes were larger than the oögonia, and the cleavage of chromosomes in the nucleus could be observed (Fig. 2B ). Germ cells in this stage underwent the 1st meiosis, and cytoplasmic space began to increase leading to a decline in the nucleus/ cytoplasm ratio.
Secondary Oöcytes.-Germ cell in the secondary oöcyte stage underwent the second meiosis, and could be further divided into five subtypes based on the morphology, including early and late previtellogenic oöcytes (Fig. 2C,  D) and initial, early, and late vitellogenic oöcytes (Fig. 2E-G) . Early previtellogenic oöcytes were characterized by a substantial increase in size compared to that of primary oöcytes (Fig. 2C) . The cytoplasm was large and apparent. Furthermore, early previtellogenic oöcytes were usually surrounded by spindle-shaped follicular cells. Late previtellogenic oöcytes were obviously larger and had smaller nucleus/cytoplasm ratios than did early previtellogenic oöcytes (Fig. 2D ). An increase in the surrounding follicular cells was also observed in late previtellogenic oöcytes. In addition to the great enlargement of cell size, the major characteristic of initial vitellogenic oöcytes was the appearance of lipid droplets (Fig. 2E) . The cytoplasm of initial vitellogenic oöcytes stained pink or orange with H&E. Moreover, another type of follicular cell was observed, which usually appeared as a capsule-like form. When germ cells became early vitellogenic oöcytes, the cell size continued to enlarge, and the accumulation of yolk granules surrounding the cell was apparent (Fig. 2F) . Also, increases in the number and size of lipid droplets within the cytoplasm were observed. At the same time, both follicular cells elongated and increased in number and size. Late vitellogenic oöcytes were identified by the gradual accumulation of yolk granules from the periphery of the cell to the nucleus, resulting in a cross-like pattern within the cell (Fig. 2G) . Mature Oöcytes.-The major feature of mature oöcytes was the enlarged size, which was the maximum compared to germ cells at other differential stages (Fig. 2H) . Large lipid droplets and yolk plaques were also observed in the cytoplasm of mature oöcytes. Both types of follicular cells were fully elongated, and adhered tightly to the surface of oöcytes.
Confirmation of Ovarian Cycle by Histological Examination
Ovaries in different developmental stages classified by their external morphology were further examined histologically. We found that well-developed germ cells usually appeared in the peripheral region of the ovary. Furthermore, after identifying germ cells and calculating them in all ovary samples prepared, we found that the frequency of each germ cell type appearing in the ovary changed in each developmental stage (Fig. 3) . In other words, predominant germ cell types in the ovary at the various developmental stages differed.
Stage I.-The most abundant germ cells in the ovary were late previtellogenic oöcytes and initial vitellogenic oöcytes, at 28.16% and 40.73%, respectively, of the total number of germ cells (Fig. 3A , B, Table 2 ). The average frequencies of appearance of immature but highly mitotically active oögonia and primary oöcytes germ cells were 8.31% and 8.43%, respectively, which were relatively higher than those in other stages. Hence, stage I is also called the proliferation stage of the ovarian cycle.
Stage II.-The predominant germ cells were late previtellogenic oöcytes and early vitellogenic oöcytes, which comprised 27.93% and 25.29%, respectively, of the total number of germ cells in the ovary, although early previtellogenic oöcytes and initial vitellogenic oöcytes were also present (Fig. 3C, D most germ cells in the ovary of the stage were mature oöcytes (96.25%) (Fig. 3I , J, Table 2 ). In addition, late previtellogenic oöcytes were also observed at a lower abundance in this stage.
Stage VI.-In stage VI, or the spawning stage, within 24 h after ovulation, the organization of ovarian tissue appeared to be loose, and a large subcapsular space and dilated hemolymph sinuses were observed (Fig. 3K , L, Table 2 ). In this stage, the number of mature oöcytes greatly declined, and the predominant germ cells were late previtellogenic oöcytes (61.81%), although early previtellogenic oöcytes and initial vitellogenic oöcytes were also present.
DISCUSSION
The ovarian cycle and germ cell development have been studied in several species of Macrobrachium, but information has been relatively lacking for M. asperulum. The present study combined environmental parameters of its natural habitats and external morphological, histological, and cellular observations of the ovary, to provide convincing, quantitative, and comprehensive results of ovarian development of M. asperulum. These results not only are of biological and developmental significance, but also can serve as an important foundation for the commercial culture of this species.
Reproductive seasons of several prawn species belonging to the genus Macrobrachium in their natural habitats have been studied. Reproduction of most species occurs between April and November, such as M. dux (Lenz, 1910) (Arimoro and Meye, 2007) , M. gangeticum Bate, 1868 (Jayachandran, 2001) , M. idella idella (Hilgendorf, 1898) (Jayachandran, 2001) , M. lanchesteri (De Man, 1911) (Phone et al., 2005) , and M. malcolmsonii (H. Milne Edwards, 1844) (Jayachandran, 2001) , although M. amazonicum (Heller, 1862) (Sampaio et al., 2007) was found to reproduce the entire year. In this study, we observed that gonad maturation (high GSI value) of female M. asperulum occurred in spring (March) and summer (June) ( Table 1) . In autumn (September), the GSI value greatly dropped, while the percentage of gravid individuals reached the maximum. From these observations, it is clear that most oöcytes of M. asperulum mature in spring and summer, and ovulation mostly occurs in autumn, resulting in the sharp decline of GSI value as observed herein. The timing of ovarian maturation in females suggests that the reproduction of M. asperulum might also occur between spring and autumn, just like in most of other species of Macrobrachium reported.
Ovarian maturation of freshwater decapod crustaceans is considered to mainly be induced by environmental parameters in their natural habitat. Pinheiro and Hebling (1998) suggested that the reproductive period of freshwater decapods is closely associated with the rainy period, thermal variations, and photoperiod of the region where they occur. Oh et al. (2003) further indicated that the rainfall frequency exerts its effect on ovarian maturation of freshwater decapods. We found that GSI values of female M. asperulum were significantly elevated in March, when both precipitation and the photoperiod were increasing. Furthermore, when higher environmental temperatures were apparent in June and September, the percent gravid obviously increased. It is very possible that increases in precipitation and/or the photoperiod are major inducers for ovarian maturation of M. asperulum, while temperature promotes increased GSI values and, especially, percent gravid. However, further studies are required, such as artificial regulation of these parameters with prawns in the laboratory, to verify the correlation between ovarian maturation of female M. asperulum and environmental parameters in its natural habitats.
Ovarian development in M. rosenbergii (De Man, 1879) (Chang and Shih, 1995) was investigated before, and some external morphological alterations were observed. For example, the development of germ cells was accompanied with an increase of the size of and the morphological transformation of the ovary; the maximum size was obtained prior to reproductive molting (O'Donovan et al., 1984; Chang and Shih, 1995; Martins et al., 2007; Meeratana and Sobhon, 2007; Paulraj et al., 2008) . Similarly, in female M. asperulum, morphological transformation and an elevated size of the ovary clearly accompanied ovarian development. Undoubtedly, alterations in the external morphology of the ovary reflect the developmental situation of germ cells inside it. Thus, before uncovering what occurred inside the ovary in each developmental stage based on its external morphological features, the developing germ cell types had to be clearly identified.
In this study, germ cells of female M. asperulum were divided into eight developmental stages, based on clear and obvious differences in size and cellular morphology. Although the smallest size, oögonia had high mitotic activity, and because of this, the number of germ cells rapidly increased. On the contrary, when germ cells were in the primary oöcytes stage, the first meiotic division occurs. This germ cell type is characterized by nuclei involving heterochromatin that is intertwined within the nuclear boundaries. Several features of meiosis can be observed in primary oöcytes, such as the transformation of chromosomes to leptotene, zygotene, pachytene, and diplotene, and the meiotic metaphase and telophase. These observations are also supported the findings by O'Donovan et al. (1984) and Meeratana and Sobhon (2007) . There are two steps of vitellogenesis in developing oöcytes. The first step, also called endogenous vitellogenesis due to the synthesis of vitellogenin inside oöcytes, is characterized by the presence of oil globules and eosin-negative vesicles in oöcyte cytoplasm. The second step is exogenous vitellogenesis, in which vitellogenin is synthesized in other organs and enters the oöcytes, and it is characterized by the presence of yolk granules, acidophilic cytoplasm, and a rapidly increasing size of oöcytes resulting from the accumulation of yolk granules (O'Donovan et al., 1984; Chaves and Magalhães, 1993; Okumura and Aida, 2000; Okumura, 2004) . It is believed that vitellogenin enters oöcytes through the intercellular spaces between follicle cells (O'Donovan et al., 1984) . The final developmental step of germ cells within the ovary of M. asperulum is the mature oöcyte. The major features of mature oöcytes are the remarkably increased size and cytoplasmic space occupied by large amounts of lipid droplets and yolk plaque. Meeratana and Sobhon (2007) reported that the nuclei of mature oöcytes of M. rosenbergii almost exclusively contained euchromatin and a prominent nucleolus. They also found that the nuclear membrane was not apparent and frequently disappeared, which may have been the result of germinal vesicle breakdown (GVBD). In the penaeid shrimp Trachysalambria curvirostris (Stimpson, 1860) (Yamada et al., 2007) , GVBD in mature germ cells was also observed, and the nucleus shrinks and moves to the periphery of oöcytes. Prominent nucleoli in mature oöcytes of female M. asperulum were also apparent. The phenomenon of the disappearance of nuclear membranes was not clearly observed in this study. Unlike M. rosenbergii and T. curvirostris, M. asperulum is a freshwater species which spends its entire life in freshwater areas. It is reasonable that it presents different subcellular features in its germ cells.
As presented herein, ovarian development was initially classified into six stages, based on morphologically external differences. Similarly, the ovarian development of other species of Macrobrachium, such as M. amazonicum and M. rosenbergii, was divided into four to six stages (O'Donovan et al., 1984; Charniaux-Cotton, 1985; Chang and Shih, 1995; Martins et al., 2007; Sampaio et al., 2007) . Germ cells within the ovary undergo various steps of cellular differentiation as described, leading to ovarian development. In addition to the external appearance of the ovary, Meeratana and Sobhon (2007) indicated that the number and types of germ cells present in the ovary based on histological observations were also necessary to identify ovarian stages. Therefore, in order to affirm the validity of the classification we made, ovaries were further examined histologically. Indeed, the histological results also corresponded to the initial classification of ovarian development made with the naked eye. Furthermore, by calculating the appearance frequency of germ cells in the ovary, the predominant germ cell type in each ovarian stage was quantitatively and clearly evidenced.
The histological results revealed that germ cells in the oögonia stage are mainly situated in the central region of the ovary, and subsequently migrate to the periphery during development. Well-developed oöcytes are distributed in the periphery of the ovary. This phenomenon was also previously observed (Charniaux-Cotton, 1985; Martins et al., 2007; Vallisneri et al., 2007; Paulraj et al., 2008) . From our results, late previtellogenic oöcytes germ cells appeared in the developing ovary with a consistent percentage of about 20%,30% of all germ cells. After the mature oöcytes had ovulated, the proportion of late previtellogenic oöcytes increased to about 60%. Thus, we consider that germ cells in the late previtellogenic oöcytes stage, but not in the oögonia or primary oöcytes stage, initiate the ovarian cycle. This was particularly evident when a second wave of ovarian development appeared and again began from late previtellogenic oöcytes in stages III and IV (Fig. 3E-H) . Obvious alterations in the external morphology were observed in the ovaries of stage III,V, after undergoing vitellogenesis. A large amount of yolk plaque accumulated within well-developed oöcytes in the ovaries of stages IV and V, leading to the remarkable size of developed ovaries. When the ovary of female M. asperulum is well developed, the animal spawns after stimulation by environmental signals, such as increased precipitation, photoperiod, and/or temperature. In stage VI, after the mature oöcytes have ovulated, the organization of ovarian tissues becomes loose, and a large subcapsular space and dilated hemolymph sinuses are apparent. This was also observed by O'Donovan et al. (1984) and Meeratana and Sobhon (2007) . Furthermore, mature oöcytes of crustaceans are not considered to entirely ovulate in each spawning (King, 1948; Weitzman, 1966; Haley, 1972; Herman and Barker, 1977; O'Donovan et al., 1984; Carbonell et al., 2006) , which was also supported by our findings (Fig. 3K, L) . Among observations of uncompleted ovulation, in the red shrimp Aristeus antennatus (Risso, 1816) (Carbonell et al., 2006) , it was indicated that the residual oöcytes were undergoing a process of phagocytosis by hypertrophied follicular cells. However, further studies are required.
It was observed in some species of Macrobrachium that females spawn three to four times during 1 year under natural conditions, and development of immature germ cells in their ovaries is immediately re-initiated after oviposition (Ling, 1969; O'Donovan et al., 1984; Sampaio et al., 2007) . In M. asperulum, two types of predominant germ cells in addition to late previtellogenic oöcytes were observed in stages III and IV (initial vitellogenic oöcytes and late vitellogenic oöcytes in stage III and early vitellogenic oöcytes and mature oöcytes in stage IV), resulting in the wave-like movement of oöcyte development appearing in the results of germ cell type distribution ( Fig. 3E-H) . This could be a convincing explanation for the unproven consideration of Deng and Gao (2002) that the reproduction of M. asperulum can occur two times during a single year.
In conclusion, the present study demonstrates that ovarian maturation mainly occurs in spring and summer, when the precipitation, photoperiod, and temperature in its natural habitat are increasing. Moreover, eight developmental stages of germ cells were identified, based on differences in size and cellular morphology. Furthermore, six ovarian stages were classified, with obvious differences in both external morphology and germ cell type distribution of the ovaries.
